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Abstract: This study evaluated the adhesion of conventional and self-adhesive resin 
cements to indirect resin composite (IRC) using different surface conditioning 
methods. Cylindrical IRC specimens (N=192) were randomly assigned to four surface 
conditioning methods (n=8 per group): a) Control group, b) Hydrofluoric acid, c) 
Tribochemical silica-coating and d) 50 µm Al2O3 air-abrasion. Specimen surfaces were 
finished using silicon carbide papers up to 600 grit under water irrigation, rinsed and 
dried. Direct composite blocks were bonded to IRC specimens using three 
conventional resin cements (Multilink, Panavia F2.0 and Resicem) and three self-
adhesive resin cements (RelyX U100, Gcem, Speed Cem). Specimens were subjected 
to shear bond strength (SBS) test in a Universal Testing Machine (0.5 mm/min). 
Failure types were categorized as mixed, adhesive and cohesive. Data were analyzed 
using 2-way ANOVA and Tukey`s tests. Two-parameter Weibull modulus, scale (m) 
and shape (0) were calculated. The bond strength results (MPa) were significantly 
affected by the surface conditioning method (p<0.0001) and cement type (p<0.001). 
For Panavia F2.0, Resicem, air-abrasion with 50 µm Al2O3 significantly increased the 
results (22.6±6.5, 26.2±6.5, respectively) compared to other conditioning methods 
(13.6±1.4-21.9±3.1) but for Multilink, hydrofluoric acid etching (20.5±3.5) showed 
significantly higher results (p<0.01). For the self-adhesive resin cements, air-abrasion 
with 50 µm Al2O3 significantly increased the results compared to other conditioning 
methods, except for RelyX U100 (p<0.05). After air-abrasion with Al2O3, Gcem, 
(11.64), RelyX U100 (9.05) and SpeedCem (8.29) presented higher Weilbul moduli. 
Exclusively cohesive failure in the IRC was observed with RelyX U100 and Speedcem 
after Al2O3 air-abrasion. 
Keywords: Adhesion; resin cements; self-adhesive cement; surface conditioning; 
indirect resin composite 
 3 
 
Introduction 
Polymerization shrinkage ranging from 1.5 to 3% is a major problem in dental 
adhesive filling techniques [1]. The shrinkage forces produce stresses that can exceed 
the cohesive strengths of the restorative materials yielding to microleakage that could 
cause secondary caries, pulpal irritation, postoperative sensitivity and marginal 
discoloration [1]. In order to overcome the problem of polymerization shrinkage and 
related microleakage in direct restorations, indirect restorations such as inlays or 
onlays made of ceramics or indirect resin composites (IRC) are proposed, where the 
latter is less costly [2].  
IRC materials contain silanized micro-hybrid inorganic fillers embedded in a photo-
polymerizable organic resin matrix and are considered as alternative materials to 
direct resin composites due to their improved wear resistance, degree of conversion, 
water absorption, polymerization shrinkage and high fracture strength [3,4]. Laboratory 
processed and polymerized IRCs present high degree of conversion resulting in less 
residual unreacted methacrylic groups available for bonding [5]. High degree of 
conversion of IRCs is a result of heat, light and pressure application during 
polymerization that also results in increased mechanical properties but decreased 
bond strength. This may have consequences on the longevity of IRC restorations 
since the success and survival of such restorations depends on bonding of the 
cements to both the tooth structures and the restorative material. Typically, prior to 
application of the resin cement to the intaglio surfaces of the IRC restoration, the 
surface needs to be conditioned using air-abrasion, tribochemical silica coating, 
hydrofluoric acid etching or silane coupling agents alone or in combination. The 
methods based on air-abrasion create rough surface [6-9], while silane generates a 
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chemical adhesion between the inorganic fillers and the organic matrix of the adhesive 
resin and the IRC [6,10-12]. Air-abrasion methods using alumina or alumina particles 
coated with silica were reported to deliver favourable adhesion results between direct 
resin composites to composite [13] or resin composite to IRC materials for repair 
purposes [14]. On the other hand, although hydrofluoric acid is known to be effective in 
etching silica-based ceramics [15,16], its effect on different filler particles of resin 
materials and improved adhesion of resin materials to the IRCs is controversial [7-
9,16].  
 Limited information is available on the adhesion between IRCs and resin cements. 
Moreover, the use of self-adhesive resin cements does not require surface 
conditioning methods. Thus, their adhesion to non-conditioned IRCs is not known.  
The objectives of this study therefore were to evaluate the adhesion of conventional 
and self-adhesive resin cements to IRCs using different surface conditioning methods 
and to analyze the failure types after debonding. The null hypothesis tested were that 
a) the type of surface conditioning method and b) resin cement would not show 
significant difference in bond strength. 
 
Materials and Methods 
The brands, manufacturers, chemical compositions and batch numbers of the 
materials used in this study are listed in Table 1. 
Specimen preparation 
IRC (Gradia Indirect, GC America, Tokyo, Japan) specimens were prepared (N=192, 
n=8) a cylindrical silicone mould (5 mm x 5 mm) (Figs. 1a-b). IRC was packed 
incrementally using an instrument and pre-polymerized at each increment (2+2+1 mm, 
respectively) for 10 s (GC Steplight SL-1,Gradia Indirect, GC America). After the cavity 
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was filled, the final polymerization was achieved (GC Labolight LV-III, Gradia Indirect, 
GC America) for 3 minutes. Each specimen surface was finished using 320, 400 and 
600 grit silicon carbide papers in sequence under water irrigation. 
Surface conditioning methods  
Control group: In the control group, IRC surfaces were finished using 320, 400 and 
600 grit silicon carbide paper in sequence under water irrigation, etched with 35% 
H3PO4 for 60 s and rinsed and dried.  
Air-abrasion group: IRC surfaces were air-abraded using 50 µm Al2O3 particles 
(Easyblast, Bego, Bremen, Germany) for 10 s at 2.8 bar pressure from 10 mm 
distance. The specimen surfaces were then air-sprayed. 
Tribochemical silica coating: In this group, IRC surfaces were air-abraded first using 
110 µm Al2O3 particles (Rocatec-Pre powder, 3M ESPE, Minn, USA) and then with 
110 µm alumina particles coated with silica (Rocatec-Plus, 3M ESPE) both for 10 s 
from a distance of 10 mm at 2.8 bar. The specimen surfaces were then air-sprayed. 
Hydrofluoric acid etching: In this group, IRC surfaces were etched with 9.6% 
hydrofluoric acid (Pulpdent, Porcelain Etch Gel, Watertown, MA, USA) for 60 s, 
washed and dried. 
Luting procedures with adhesive cements 
Direct resin composite specimens (N=192) (AELITE, Bisco, Shaumburg, IL, USA; 
Incisal shade) were fabricated. Adhesive cements were applied on the IRC surfaces 
and the direct composite specimens were pressed on the IRC, using a teflon mould 
(1.3 x 40 x 50 mm) with holes of 2.2 mm diameter holes (Fig. 1c). They were then 
photo-polymerized (Demetron LED, Kerr Dental Corporation, Orange, CA, USA).  
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According to the manufacturer’s instructions, Multilink, Panavia F2.0 and Resicem 
were assigned as “conventional resin cements” as they require only application of 
specific silane coupling agent on the IRC surfaces. 
Multilink group: After application of silane (Monobond Plus, Ivoclar Vivadent, Schaan, 
Liechtenstein) to the IRC surfaces, it was allowed to reach with the surface for 60 s 
and air-dried for 5 s. On the direct composite surfaces, primer (Multilink Primer A and 
B) was applied after mixing in a ratio of 1:1. Primer was allowed to react with the 
surface for 15 s and air-dried for 5 s.  
Panavia F2.0 group: Primer (Clearfil Ceramic Primer, Kuraray, Tokyo, Japan) was 
applied to the IRC surfaces and dried with air. In this group, on the direct resin 
composite surfaces primer (ED Primer II liquid A and B, Kuraray) was applied after 
mixing at a ratio of 1:1. Primer was allowed to react with the surface for 30 s and air-
dried for 5 s.  
Resicem group: Silane (Monobond Plus, Ivoclar Vivadent, Schaan, Liechtenstein) was 
applied to the IRC surfaces and let react for 10 s. The surfaces were then air-dried for 
5 s. 
In the RelyX U100, Speedcem and Gcem groups, no additional silane or primer was 
applied. 
IRC-resin cement-composite assemblies were bonded under pressure (550±10 g) for 
20 s using the specimen fixator (Ultradent test appliance, Ultradent, South Jordan, UT, 
USA) (Figs. 1d-e). After removing from the pressure, specimens were photo-
polymerized initially for 20 s from 4 directions (Demetron LED). Light output was 
controlled using a radiometer (Hilux Ledmax Light Curing Meter, Inc., Piedmont, SD, 
USA) after every five specimens. The specimens were stored in distilled water for 24 h 
at room temperature after fabrication.  
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Testing procedures and failure analysis 
Bonded specimens were subjected to shear load using a load cell of 40 N (ESIT, 
SPA50, ESIT Electronics Ltd., Istanbul, Turkey) in a Universal Testing Machine (MTS 
Mini-Bionics II, Model 858, MTS Corporation, Eden Prairie, MN, USA) until failure at a 
cross-head speed of 0.5 mm/min. Force values obtained during the shear tests were 
used to calculate the shear bond (τ=F/A).  
After debonding, failure types were examined under a stereomicroscope (Olympus 
SZ61, Olympus KeyMed Group of Companies, Tokyo, Japan) at x30 magnification and 
classified as adhesive, cohesive in IRC, cohesive in direct composite or mixed. 
Statistical analysis 
Bond strength data were statistically analyzed using software (NCSS 2007 & PASS 
2008 Statistical Software, Kaysville, Utah, USA). Kolmogorov-Smirnov and Shapiro-
Wilk tests were used to test normal distribution of the data. As the data (MPa) were 
normally distributed, 1-way, 2-way analysis of variance (ANOVA) were applied to 
analyze possible significant differences between the groups with bond strength (MPa) 
as the dependant variable and surface conditioning methods (4 levels: Control, 
alumina air-abrasion, tribochemical silica coating and hydrofluoric acid) and cement 
types (6 levels: Panavia F 2.0, Multilink, Resicem, Speed Cem, RelyX U100, Gcem) as 
the independent factors. Multiple comparisons were made using Tukey`s post-hoc 
test. Maximum likelihood estimation without a correction factor was used for 2-
parameter Weibull distribution, including the Weibull modulus, scale (m) and shape (0), 
to interpret predictability and reliability of adhesion (Minitab Software V.16, State 
College, PA, USA). P <0.05 was considered to be statistically significant in all tests.  
 
Results 
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The bond strength results (MPa) were significantly affected by the surface conditioning 
method (p<0.001) and the cement type (p<0.001). Interaction terms were also 
significant (p<0.001).  
Compared to the control group of each resin cement, all surface conditioning 
methods tested increased the bond strength results significantly (p<0.001) (Table 2, 
Fig. 2).  
For two of the conventional resin cements (Panavia F2.0, Resicem), air-abrasion 
with 50 µm Al2O3 significantly increased the results (22.6±6.5, 26.2±6.5, respectively) 
compared to the other conditioning methods (13.6±1.4-21.9±3.1) but for Multilink, 
hydrofluoric acid etching (20.5±3.5) showed significantly higher results compared to 
those of other methods (9.4±4.6-14.2±5.7) (p<0.01).  
For the self-adhesive resin cements (Speed Cem, RelyX U100, Gcem), air-abrasion 
with 50 µm Al2O3 significantly increased the results compared to other conditioning 
methods, except for RelyX U100 where air-abrasion with alumina (20.3±2.4) or silica 
(21.3±4.5) did not show significant difference (p>0.05). 
Weibull distribution presented the highest shape (0) for Multilink (7.22) and RelyX 
U100 (6.16) in the control group (Table 3). After air-abrasion with 50 µm Al2O3, Gcem, 
(11.64) followed by RelyX U100 (9.05) and SpeedCem (8.29) presented reliable 
adhesion results. 
In the control group, failure types were exclusively adhesive with all resin cements. 
The incidence of cohesive failure in the IRC was the highest with RelyX U100 (100%) 
and Speedcem (100%) after 50 µm Al2O3 air-abrasion (Table 4).  
 
Discussion   
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This study was aimed to evaluate the adhesion of conventional and self-adhesive resin 
cements to IRCs using different surface conditioning methods. Based on the results of 
this study, since the surface conditioning methods and the cement types significantly 
affected the results, both null hypothesis tested could be rejected. 
IRCs present higher degree of conversion resulting in favourable physical properties 
[17,18] but this property at the same time yields to less reduced chemical adhesion of 
resin-based materials to the IRCs [15,19]. Most of the adhesive resins used in clinical 
procedures are expected to deliver shear bond strengths of at least 17 to 20 MPa in 
order to overcome the polymerization shrinkage stresses in the resin composite [20]. 
However, in several studies the bond strength was lower than those suggested values 
[21-23]. In the present study, the mean bond strengths for both Al2O3 air-abraded and 
tribochemically silica-coated group in general exceeded the value of 20 MPa. More 
commonly observed cohesive failures observed in these groups signify that this value 
exceeds that of the cohesive strength of the IRC tested. 
The shear bond test is one of the most commonly used bond strength tests [24-26]. 
In fact, the stresses at restoration-cement interfaces are complex [27,28]. Shear 
stresses are postulated to cause major stresses in clinical failures of restorative 
materials [29]. The use of bond strength data, based on static load-to-failure tests 
should be restricted to comparisons of relative effects of material properties, material 
microstructure and treatment conditions that may enhance their resistance to fracture 
[30]. In that respect, the cohesive failures are desirable since bond values causing 
such failures indicate that they exceeded the cohesive strength of the material that is 
the bond strength between increments of the resin composite. When the composite 
resin is polished, contaminated, processed in the laboratory or aged, the adhesion to a 
new composite is reduced by 25 to 80% of the original cohesive strength [1]. 
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Therefore, surface conditioning methods are crucial to improve the resin-resin 
adhesion. 
The bond between the IRC and the resin cement tested in this study may be 
compared to the repair of an aged resin composite to a new one where interfacial 
bond results showed decreased values ranging from 25 to 74% of the original 
cohesive strength of the substrate composite [30]. Although surface conditioning plays 
a key role in composite repair strength [31,32], the use of intermediate adhesive resin 
ensures increased wettability between the composite resins [4]. The use of unfilled 
low-viscosity intermediate adhesive resin can improve the bonding, irrespective of the 
surface texture created by different surface conditioning methods [33,34]. Previous 
studies in this regard are controversial. While some did not find any significant effect of 
the adhesive resin monomer and silane coupling agent materials [25], others reported 
the opposite [35,36]. In this study the silane coupling agents, primers of the 
corresponding resin cements were used subsequent to the surface conditioning 
methods. 
In general surface conditioning with 50 µm Al2O3 air-abrasion provided favourable 
results compared to other conditioning methods. The roughened surface facilitates 
micromechanical interlocking and improves the adhesive properties of IRCs [1]. 
Although air-abrasion improves adhesion in repair actions, it may damage the margins 
of restorations made of IRCs [36-40]. Hence, the use of small particle size such as 50 
µm Al2O3 should be preferred to 110 µm Al2O3 or silica. Moreover, air-abrasion 
exposes the particles on the surface that eventually facilitates the silanization on larger 
area of filler particles [5]. This could be also the reason for favourable results obtained 
in most of the resin cements after air-abrasion. 
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Previous studies had shown that hydrofluoric acid etching removes the oxygen 
inhibited layer of resin composite and weaken the filler particle-matrix interface. The 
dissolved glass filler particles on the IRC surface then generates micromechanical 
retention [37,41]. Silane application after hydrofluoric acid etching would enhance the 
bond strength owing to filler particles at the surface presenting potential sites for 
silanization [1]. According to some studies, etching could also cause total dissolution 
of exposed inorganic filler particles [1,5,36,41]. In such a situation, IRC-cement 
adhesive interface becomes less resistant to debonding forces. Interestingly however, 
hydrofluoric acid etching resulted in significantly higher bond strength results for 
Multilink conventional resin cement compared to those of other conditioning methods. 
This could be attributed to the co-polymerization achieved with the silane (Monobond 
Plus) and the primers used,  (Multilink Primer A and B). Further microscopy analysis 
should verify the effect of hydrofluoric acid on the IRC tested. 
In the tribochemical silica-coating method, alumina particles embedded in silica forms 
silica-modified surface that is more reactive to the resin after silane application. Silane 
molecules react with water and forms silanol groups that form siloxane network with 
the silica surface. Monomeric ends of the silane molecules then react with 
methacrylate groups of the adhesive resins through a free radical polymerization 
process. In this study, bond strength results with air-abrasion with 110 µm silica or 50 
µm Al2O3 were either similar or higher with the latter. Similar observations were made 
in previous studies [39,40]. However, after aging conditions, the achieved bond 
strength was reported to be higher with silica-coating than with alumina  [42,43]. 
Further studies should study the effect of aging of adhesion between tested cements 
and the IRC. The majority of the cements demonstrated higher bond strength with 50 
µm Al2O3 than with silica-coating. This could be explained by the high particle size of 
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silica (110 µm), creating an irregular roughened surface, eventually leading to 
decreased wettability of the silane in the deepest parts of the roughened area [44]. 
This finding is also supported with Weilbull characteristics that resulted in more reliable 
adhesion after air-abrasion with 50 µm Al2O3 compared to 110 µm silica. Nevertheless, 
both air-abrasion methods displayed more cohesive failures in the IRC compared to 
the control and hydrofluoric acid etched groups that mainly showed adhesive failure. It 
has to be noted that in this study, in an attempt to avoid heterogeneity in dentin 
structure, IRCs were cemented on resin composite. Thus, the clinical implication of 
this study accounts for situations where IRCs are bonded to resin composites. The 
adhesive performance of the cements should be further tested in IRC-cement-dentin 
assemblies in a larger sample. 
Currently, limited clinical information is available on the longevity of IRCs [45]. Thus, 
the results of this study could be implemented in cementation protocols when IRCs are 
indicated. 
 
Conclusions 
From this study, the following could be concluded: 
1. The indirect resin composite material tested benefitted from surface conditioning 
methods for improved adhesion of both conventional and self-adhesive resin cements. 
2. From conventional resin cements tested, Panavia F2.0, Resicem presented 
improved adhesion after air-abrasion with 50 µm Al2O3 compared to those of the other 
conditioning methods whereas for Multilink, hydrofluoric acid etching provided higher 
results. 
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3. All self-adhesive resin cements tested (Speed Cem, RelyX U100, Gcem) 
benefitted from air-abrasion with 50 µm Al2O3 compared to other conditioning methods 
but for RelyX U100 both alumina and silica air-abrasion presented similar results. 
4. Weilbull characteristics indicated more reliable adhesion after air-abrasion with 
50 µm Al2O3 for Gcem, (11.64) followed by RelyX U100 (9.05) and SpeedCem (8.29). 
5. Cohesive failures in the indirect resin composite were the most predominant in 
groups cemented with RelyX U100 and Speedcem after 50 µm Al2O3 air-abrasion.  
 
Clinical Relevance 
Self-adhesive resin cement, RelyX U100, applied after 50 µm Al2O3 air-abrasion in its 
dual polymerized mode would deliver more reliable adhesion. 
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Captions to tables and figures: 
Tables: 
Table 1. The brands, types, manufacturers, chemical compositions and batch 
numbers of the materials used in this study. 
Table 2. Mean shear bond strengths, standard deviations (MPa) and significant 
differences between resin cements bonded to indirect resin composite after various 
surface conditioning methods. Different upper case superscript letters indicate 
statistically significant differences in row column and different lower case superscript 
letters in one row (Two-way ANOVA, Tukey`s tests, *p<0.05).   
Table 3. Weibull parameters (shape and scale values) (95% CI) for all experimental 
groups using maximum likelihood estimation. 
Table 4. Distribution of failure types per experimental group.  
 
Figures:  
Figs. 1a-e a) Silicone mould (25 X 20 mm) used for the preparation of the acrylic resin 
block, b) acrylic resin block dublicated, c) teflon mold (1.3 x 40 x 50 mm) with 2.2 mm 
diameter holes used for preparing the direct resin composites, d) Ultradent device 
used for stabilizing the resin components during bonding, e) final bonded specimen. 
Fig. 2 Graphical presentation of the mean shear bond strengths of resin cements 
bonded to indirect resin composite after various surface conditioning methods. 
Tables: 
 
 
Brands Cement Type Manufacturer Chemical Composition Batch Number 
Gradia 
Indirect 
 
Indirect Resin 
Composite 
GC Corporation, Tokyo, 
Japan 
bis-(methacryloyloxy)-
propoxycarbonylaminohexane-
triazine-trione, 
aluminoborosilicate and 75% 
silica fillers 
0902181 
Panavia  
F2.0 
Conventional Resin 
Cement 
 
 
 
 
Kuraray Medical Inc., 
Okayama, Japan 
Methacrylate, MDP, quartz-
glass, microfiller, photoinitiator 
methacrylate, barium glass, 
sodiumfluoride, chemical 
initiator 
A-Paste: 00371A 
B-Paste: 00197A 
Resicem Conventional Resin 
Cement 
 
Shofu Inc., Kyoto, Japan UDMA, TEGDMA, HEMA, 4-
AET, fluoroaluminosilicate 
glass, initiator, others 
040958 
Multilink Conventional Resin 
Cement 
 
Ivoclar Vivadent, Schaan, 
Liechtenstein 
Self dimethacrylateand HEMA, 
barium glass filler, 
silicondioxide filler, 
ytterbiumtrifluoride, catalysts 
and stabilizers, pigments 
M28042 
Speed Cem Self-adhesive 
Resin Cement 
Ivoclar Vivadent Dimethacrylates, 
methacrylatedphosphoricesters
, barium glass, 
ytterbiumtrifluoride, 
copolymers, high dispersed 
silica, initiators, catalysts and 
stabilizers 
M39162 
RelyX U100 Self-adhesive Resin 
Cement 
3M ESPE, Seefeld, 
Germany 
Glass powder, methacrylated 
phosphoric acid esters, 
triethyleneglycoldimethacrylate 
(TEG-DMA), silane treated 
silica, sodiumpersulfate 
358639 
GCem Self-adhesive 
Resin Cement 
GC Corporation Fluoroaminosilicate glass, 
initiator, pigment, 4-MET, 
phosphoricacid ester, 
monomer, water, UDMA, 
dimethacrylate, silica powder, 
initiator, stabilizer 
0901291 
 
Table 2. The brands, types, manufacturers, chemical compositions and batch numbers of the materials used 
in this study. 
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Surface 
Conditioning 
Method  
 
Control group Tribochemical  
silica-coating 
Hydrofluoric  
acid etch 
Al2O3 air-abrasion  
    
Mean±SD Mean±SD Mean±SD Mean±SD 
Resicem 10±6.8A,a 21.9±3.1B,c 14.9±5.1A,,B,a 26.2±6.5C,a  
Panavia F2.0 10.5±4.4A,a 18.3±3.9A,B,b 13.6±1.4A,a 22.6±6.52B,C,a  
Gcem 7.8±3.7A,a 10.3±3.9A,B,a 11.2±3.6A,B,a 15.8±2.1C,c  
Multilink 12.1±2.4A,a 9.4±4.6A,a 20.5±3.5B,b 14.2±5.7A,c  
RelyX U 100 13.8±2.7A,a 21.3±4.5B,c 14.8±2.1A,a 20.3±2.4B,b  
SpeedCem 11.3±5.3A,a 18.2±3.3B,b 16.2±1.6A,B,c 25.5±4C,a  
 
Table 2. Mean shear bond strengths, standard deviations (MPa) and significant differences between resin 
cements bonded to indirect resin composite after various surface conditioning methods. Different upper case 
superscript letters indicate statistically significant differences in row column and different lower case 
superscript letters in one row (Two-way ANOVA, Tukey`s tests, *p<0.05).   
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Control Tribochemical  
silica-coating 
Hydrofluoric 
Acid 
Al2O3  
air-abrasion 
Shape Scale Shape Scale Shape Scale Shape Scale 
Resicem 
 
1.608 46.70 8.977 103.0 3.090 73.82 4.959 127.1 
Panavia 
F2.0 
 
2.834 52.54 5.166 88.42 11.29 63.28 4.262 111.0 
Gcem 
 
2.475 39.32 3.107 51.15 4.243 54.99 11.64 73.93 
Multilink 
 
7.224 57.65 2.342 47.31 6.612 97.54 3.063 70.70 
RelyX 
 
6.164 65.88 5.606 102.5 10.39 69.41 9.048 95.09 
Speed 
Cem 
2.522 56.91 10.66 85.28 11.62 75.13 8.295 120.5 
 
Table 3. Weibull parameters (shape and scale values) (95% CI) for all experimental groups using maximum 
likelihood estimation. 
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Table 4. Distribution of failure types per experimental group. 
Failure Type 
Control 
Tribochemical  
silica-coating 
Hydrofluoric   
acid etch 
Al2O3  
air-abrasion  
n (%) n (%) n (%) n (%) 
Adhesive 7 (100) 0 (0) 6 (75) 1 (12.5) 
 Mixed 0 (0) 5 (62.5) 1 (12.5) 0 (0) 
Cohesive  
in IRC 
0 (0) 3 (37.5) 1 (12.5) 7 (87.5) 
Adhesive 7 (100) 0 (0) 1 (12.5) 2 (25) 
 Mixed 0 (0) 5 (62.5) 7 (87.5) 3 (37.5) 
Cohesive  
in IRC 0 (0) 3 (37.5) 0 (0) 3 (37.5) 
Adhesive 7 (100) 0 (0) 6 (75) 8 (100) 
 
Mixed 0 (0) 2 (25) 2 (25) 0 (0) 
Cohesive  
in IRC 0 (0) 4 (50) 0 (0) 0 (0) 
Adhesive 7 (100) 0 (0) 5 (62.5) 7 (87.5) 
 Mixed 0 (0) 1 (12.5) 3 (37.5) 1 (12.5) 
Cohesive  
in IRC 0 (0) 5 (62.5) 0 (0) 0 (0) 
Adhesive 7 (100) 0 (%0) 8 (100) 2 (%25,0) 
 Mixed 0 (0) 8 (%100) 0 (0) 0 (%0) 
Cohesive  
in IRC 0 (0) 0 (%0) 0 (0) 6 (%75,0) 
Adhesive 7 (100) 0 (%0) 5 (62.5) 0 (%0) 
 Mixed 0 (0) 6 (%75,0) 3 (37.5) 0 (%0) 
Cohesive  
in IRC 0 (0) 2 (%25,0) 0 (0) 8 (%100) 
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Figures:  
 
Figs. 1a-e a) Silicone mould (25 X 20 mm) used for the preparation of the acrylic resin block, b) acrylic 
resin block dublicated, c) teflon mold (1.3 x 40 x 50 mm) with 2.2 mm diameter holes used for preparing the 
direct resin composites, d) Ultradent device used for stabilizing the resin components during bonding, e) 
final bonded specimen. 
 
 
 
 
 
Fig. 2 Graphical presentation of the mean shear bond strengths of resin cements bonded to indirect resin 
composite after various surface conditioning methods. 
